Introduction
The prognosis of patients with chronic liver diseases is critically decided by the amount of liver fibrosis that accumulates over the years as a consequence of several mechanisms of liver injury, with the ultimate occurrence of cirrhosis and its complications [1, 2] . Liver biopsy is regarded as the gold standard procedure to assess presence and severity of all liver diseases, including chronic hepatitis C (CHC). However, it is an invasive procedure carrying a certain risk of complications, and its accuracy is affected by concerns related to inter-and/or intra-observer discrepancies [3] , and by other factors such as length and width of biopsy sample, sampling errors, and inconsistency in defining histological features due to the variety of the several available scoring systems [4, 5] . Furthermore, new therapeutic strategies against HCV infection at high efficacy and with an excellent profile of tolerability will be available in the near future; consequently, the need for histological staging will decrease, and non-invasive techniques for evaluation and monitoring of patients with CHC, particularly transient elastography (TE) [6] and ultrasonography (US) [7] , will play an increasingly relevant role.
The use of TE to estimate liver fibrosis has been repeatedly validated in different settings [8] , including CHC [9] [10] [11] . Independently of the underlying etiology, TE showed overall a good accuracy in diagnosing severe fibrosis and cirrhosis [8, 12, 13] , even if its performance seems to be affected by several factors, such as alanine aminotransferase flares and severe liver necroinflammation [14] [15] [16] , recent food intake [17] , hepatic congestion [18] , extrahepatic cholestasis [19] , high body mass index (BMI) [20, 21] and insulin resistance [22] . Conversely, there are controversial data about the influence of liver steatosis on LSM values and TE performance, especially in patients with CHC. Indeed, even if a lower interobserver agreement for LSM was observed in patients with liver steatosis compared with their counterpart [23] , several studies showed no impact of steatosis on liver stiffness [10, 24] , others demonstrated increased LSM values in presence of high degrees of steatosis [25] [26] [27] , whereas steatosis >33% was associated with lower LSM values in NAFLD patients with severe fibrosis [28] .
The aim of the present study was to assess the impact of liver steatosis, detected by histology and US, on LSM values and on accuracy of TE for fibrosis diagnosis in a cohort of consecutive biopsy-proven patients with genotype 1 (G1) CHC.
Patients and methods

Patients
The study assessed consecutive patients with biopsy-proven G1 CHC, all recruited at the Gastrointestinal & Liver Unit at the University Hospital in Palermo, and fulfilling all inclusion and exclusion criteria detailed below. Patients were included if they had a histological diagnosis of CHC (any degree of fibrosis, including cirrhosis) on a liver biopsy. G1 CHC patients were defined by the presence of serum anti-HCV and HCV-RNA, with persistently abnormal alanine aminotransferase (ALT), and by alcohol consumption of <20 g/day in the last year or more, evaluated by a specific questionnaire. Exclusion criteria were: (I) advanced cirrhosis (Child-Pugh B and C); (II) hepatocellular carcinoma; (III) other causes of liver disease, mixed etiologies and acute liver injuries of any etiology on chronic liver damage, (IV) human immunodeficiency virus infection; (V) previous and/or current use of steatosis-inducing drugs or potentially hepatotoxic drugs, evaluated by interview; (VI) active intravenous drug addiction.
The study was performed in accordance with the principles of the Helsinki Declaration and its appendices, and with local and national laws, and written informed consent was obtained from all patients.
Clinical and laboratory assessment
Demographic, clinical and anthropometric data were collected at the time of liver biopsy. The diagnosis of arterial hypertension was based on a systolic blood pressure P135 mmHg and/or diastolic blood pressure P85 mmHg (measured three times within 30 min using a brachial sphygmomanometer), or on use of bloodpressure-lowering agents. The diagnosis of type 2 diabetes was based on the revised criteria of the American Diabetes Association, using a value of fasting blood glucose P126 mg/dl on at least two occasions [29] . A current therapy with insulin or oral hypoglycemic agents was documented in patients with a previous diagnosis of type 2 diabetes.
A 12-h overnight fasting blood sample was drawn at the time of biopsy to determine serum levels of ALT, platelet count, total cholesterol, HDL-and LDLcholesterol, triglycerides, blood glucose and insulin. IR was assessed with the homeostasis model assessment (HOMA) method through the following equation [30] : Insulin Resistance (HOMA-IR) = Fasting insulin (lU/ml) Â Fasting glucose (mmol/L)/22.5.
All patients were tested at the time of biopsy for HCV-RNA (RT-PCR homemade; limit of detection: 12 IU/ml). Genotyping was performed by INNO-LiPA, HCV II, Bayer.
Liver stiffness measurement
Transient elastography was performed with the Fibroscan Ò (Echosens, Paris, France) medical device, using the M probe (also named as standard probe). LSM was assessed on the same day of liver biopsy, before the procedure and after an overnight fast, by trained operators who had previously performed at least 300 determinations in patients with chronic liver disease. As suggested by the manufacturing company and as reported in the literature [9] , we considered 10 successful acquisitions with a success rate of at least 60%, and with an interquartile range lower than 30%, as representative measurements.
Ultrasound assessment
Ultrasound assessment was performed in the morning, on the same day of liver biopsy, by one operator (G.C.) trained for ultrasound techniques and particularly dedicated to liver examination, using a real-time Hitachi H21 apparatus with a 2-5 MHz, convex, multi-frequency probe. Presence of hepatic steatosis was defined through detection of Bright Liver Echo Pattern (BLEP), i.e., fine, packed and high amplitude echoes, with consequent brightness of liver, increase in liver-kidney contrast and possible evidence of vascular blurring and deep attenuation signs [31] .
Histology assessment
All slides were evaluated by an expert pathologist (D.C.), blinded to identity, US features and LSM values of the patients. Biopsies were classified according to Scheuer numerical scoring system [32] . Steatosis was defined as the percentage of hepatocytes containing fat droplets, and assessed as continuous variable. It was also classified as present at P5%, significative at P10%, moderate-severe at P20%, and severe at P30%.
Statistics
Continuous variables were summarized as mean ± standard deviation and categorical variables as frequency and percentage. The t test and v 2 test were used as appropriate. Multiple logistic regression models were used to assess the variables independently associated with different stages of fibrosis. In these models, the dependent variables were significant fibrosis, coded as 0 = F0 to F1 and 1 = F2 to F4; severe fibrosis, coded as 0 = F0 to F2 and 1 = F3 to F4; and cirrhosis, coded as 0 = F0 to F3 and 1 = F4. As candidate risk factors, we selected age, gender, BMI, baseline ALT, platelet count levels, total, LDL-and HDL-cholesterol, triglycerides, blood glucose, insulin, HOMA score, arterial hypertension, diabetes, HCV-RNA (expressed as Log10), severe grading and moderate-severe steatosis. In addition, a multiple linear regression analysis was performed to identify independent predictors of LSM as continuous dependent variable. As candidate risk factors, we selected the same variables included in the above models and added stage of fibrosis as an additional independent variable. To avoid the effect of collinearity, HOMA score, blood glucose levels and insulin levels were not included in the same multivariate model. Receiver operating characteristic (ROC) curves were applied to find the best cut-off values and to identify the area under ROC curve (AUROC) of LSM able to discriminate the different stages of fibrosis. Furthermore, descriptions of the operating characteristics (sensitivity, specificity, positive predictive value [PPV], negative predictive value [NPV], positive likelihood ratio [LR+] and negative likelihood ratio [LRÀ]) of US for the detection of steatosis P5%, P10%, P20%, and P30% were calculated, with the assumption that gold standard for the diagnosis of steatosis was histologic examination. Finally, multiple logistic regression models for LSM values were performed, using the best LSM cut-offs for discriminating severe fibrosis and cirrhosis as dependent variables. All analysis were performed using SPSS v. 20.0 statistical package for MacIntosh (SPSS Inc., Chicago, USA).
Results
Patients
From January 2008 to October 2013, we included 702 consecutive patients with G1 CHC who underwent TE, US, and liver biopsy. Eighty-four (12%) failed to obtain 10 valid LSM acquisitions due to obesity or to unreliable results according to manufacturer's recommendations (see above). Hence, 618 patients with valid LSM acquisitions could be included in the analysis. Table 1 summarizes the baseline features of these 618 patients. Mean age was 53.0 ± 12.1 years, with a male to female ratio approximately equal. More than half of patients was in the overweight or obese range, a quarter was hypertensive and diabetes was present in about thirteen percent of subjects. Mean values for total, HDLand LDL-cholesterol, and triglycerides were within the normal range, whereas mean HOMA values were elevated (3.2 ± 2.5). At liver biopsy, approximately one patient in four had fibrosis P3 by Scheuer score, whereas prevalence of severe necroinflammation (grading 3) was of 33.8%. About half of the cases had histological evidence of steatosis, which was of moderate-severe grade (P20%) in 155 cases (25.1%).
Factors associated with fibrosis
Univariate and multivariate regression analyses were performed to identify potential associations between each feature of patients and liver fibrosis at three cut-off levels: (a) significant fibrosis (F2-F4); (b) severe fibrosis (F3-F4) and (c) cirrhosis (F4) (Supplementary Table 1 ). Liver stiffness remained significantly associated with significant (OR 1.188, 95% CI 1.111-1.269; p <0.001) and severe (OR 1.330, 95% CI 1.248-1.416; p <0.001) fibrosis, and with cirrhosis (OR 1.235, 95% CI 1.170-1.304; p <0.001). The overall AUCs of these models were 0.780 (95% CI 0.742-0.818) for significant fibrosis, 0.891 (95% CI 0.864-0.919) for severe fibrosis, and 0.898 (95% CI 0.863-0.932) for cirrhosis.
Performance of US on steatosis assessment
BLEP was observed on US examination in 206 patients (33.3%). Sensitivity, specificity, PPV, NPV, LR+ and LRÀ of US for the detection of steatosis P5%, P10%, P20%, and P30% are shown in Table 2 . Notably, sensitivity, specificity and NPVs of US for the detection of both steatosis P20% and P30% were quite similar (67.7%, 78.2%, and 86.4% vs. 71.6%, 73.6%, and 93.4%, respectively).
Factors associated with LSM, and accuracy of TE for fibrosis assessment
Mean LSM was 9.3 ± 5.3 kPa (range 2.7-34.0). Liver stiffness values significantly increased according to fibrosis stage (6.9 ± 2.7 in F1; 8.0 ± 3.9 in F2; 12.5 ± 5.2 in F3; 17.0 ± 7.9 in F4; p <0.001).
Older age, male gender, high BMI, high baseline ALT, low platelets, low cholesterol, high triglycerides, high blood glucose, high insulin, high HOMA, steatosis as continuous variable, severity of necroinflammatory activity, and stage of fibrosis were linked to LSM as continuous variable at univariate analysis (p <0.10), even if only male gender (p = 0.04), steatosis as continuous variable (p <0.001), severity of necroinflammation (p = 0.02), and stage of fibrosis (p <0.001) remained associated by multivariate linear regression analysis.
ROC curves identified the best cut-offs of LSM able to maximize the accuracy of TE at 7.25 kPa for the diagnosis of significant fibrosis (AUC 0.727, sensitivity 66.3%, specificity 66.5%), at 8.95 kPa for severe fibrosis (AUC 0.864; sensitivity 79.0%, specificity 78.7%) and at 10.65 kPa (AUC 0.882; sensitivity 76.9%, specificity 78.1%) for cirrhosis. Considering the performance of LSM in discriminating significant fibrosis as not acceptable, we focused on severe fibrosis and cirrhosis only.
At the LSM cut-off of 8.95 kPa for severe fibrosis, the falsepositive rate was 21.2% (94/443) and the false-negative rate was 20.6% (36/175). Concerning the performance of LSM >10.65 kPa for cirrhosis, the false-positive rate was 21.9% (121/ 553) and the false-negative rate was 23.1% (15/65). Fig. 1 summarizes the accuracy of LSM in diagnosing severe fibrosis (Fig. 1A) and cirrhosis (Fig. 1B) 
Impact of liver steatosis and BLEP detection on LSM values and on accuracy of TE
Due to the independent association of liver stiffness with steatosis, we assessed the variations of LSM values and of TE accuracy according to presence or absence of moderate-severe steatosis (P20%) on histological examination, and according to BLEP detection on US, a reliable surrogate of steatosis. Fig. 2 shows, in subgroups of patients with and without moderate-severe steatosis, mean LSM values among patients with F0-F2 fibrosis stages (9.2 ± 5.1 vs. 7.0 ± 2.8; p <0.001 - Fig. 2A ) and F3-F4 fibrosis stages (15.4 ± 6.9 vs. 13.2 ± 5.6; p = 0.02 - Fig. 2B ), and among patients with F0-F3 fibrosis stages (10.8 ± 5.7 vs. 7.7 ± 3.5; p <0.001 - Fig. 2C ) and cirrhosis (18.8 ± 7.5 vs. 15.9 ± 6.1; p = 0.09 - Fig. 2D ). As expected, similar results were obtained when the entire cohort was split according to presence or absence of BLEP on US (Fig. 3) . Furthermore, (Fig. 4A) , and in patients with detection of BLEP (37/132; 28.0%) compared with those without (57/311; 18.3%) (Fig. 4B ). Similar differences in false positive rates were observed among patients without cirrhosis (F0-F3) ( Fig. 4C and D) . Conversely, the impact of moderate-severe steatosis and of BLEP detection on false negative LSM results was negligible (data not shown). In addition, ROC curves were applied to find the best cut-off values of LSM able to discriminate severe fibrosis and cirrhosis among subgroups of patients with and without detection of BLEP. In patients with detection of BLEP, using a LSM cut-off of 9.95 kPa for severe fibrosis (AUC 0.840, sensitivity 78.4%, specificity 78.0%) and of 15.35 kPa for cirrhosis (AUC 0.880, sensitivity 76.2%, specificity 87.0%), the false-positive rates decreased from 28.0% to 22.0%, and from 29.7% to 13.0%, respectively. In patients without BLEP, the false-positive rates increased from 18.3% to 21.5%, and from 17.9% to 22.8% using a LSM cut-off of 8.75 kPa for severe fibrosis (AUC 0.873, sensitivity 83.3%, specificity 78.4%) and of 10.05 kPa for cirrhosis (AUC 0.892, sensitivity 81.8%, specificity 78.0%), respectively.
Finally, although male subjects showed slightly higher mean LSM values compared with females, a similar overall influence of steatosis and of BLEP detection on LSM values was observed when the entire cohort was stratified according to the gender (data not shown).
Discussion
In our cohort of 618 consecutive biopsy-proven patients with G1 CHC, we found that steatosis, diagnosed by histology or by US -detection of BLEP -is independently associated with increased LSM values. As a consequence, we reported higher rates of false positive LSM results for the non-invasive assessment of both severe fibrosis and cirrhosis by TE in patients with BLEP on US examination compared with their counterpart.
Transient elastography is a reliable tool to identify liver fibrosis and cirrhosis, especially in patients with CHC, where it has been repeatedly validated [9] [10] [11] [12] [13] . In our cohort of G1 CHC patients, the accuracy of TE for the assessment of liver fibrosis was good in diagnosing severe fibrosis and cirrhosis, while it was quite low for significant fibrosis, as expressed by their AUROCs. These findings are in line with previously reported data from the literature [13] . Furthermore, we identified LSM values of 7.25 kPa, 8.95 kPa, and 10.65 kPa as the best cut-offs for discriminating significant fibrosis (F2-F4), severe fibrosis (F3-F4), and cirrhosis (F4), respectively. Once again, these LSM cut-off values were comparable with those identified in other cohorts [13] . Some variability may be ascribed to the different prevalence of significant fibrosis and of several factors influencing liver stiffness independently from the amount of liver fibrosis in the various examined cohorts.
An interesting finding emerging from our data is that the presence of liver steatosis not only is clearly independently associated with higher LSM, but it is even able to affect the overall diagnostic performance of TE in patients with G1 CHC, causing potential overestimations of liver fibrosis. In this line, literature data have already emphasized a significant reduction of TE reproducibility in patients with chronic liver diseases due to different etiologies and with steatosis [23] . In addition, higher LSM values in presence of liver steatosis have been already reported in some small [25, 27] and large [26] cohorts of CHC patients, even if they were not confirmed in other studies [10, 24] , whereas in NAFLD patients an inverse relation was highlighted [28] . Surely, the presence of fat droplets in the hepatocytes influences the architectural structure of the liver, thus potentially changing 
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Biopsy-proven G1 CHC + reliable TE n = 618 Biopsy-proven G1 CHC + reliable TE n = 618 the propagation time of the vibratory wave through the liver, which is the key principle of TE. Nonetheless, the reason why this interference translated in a greater ''softness'', as observed in NAFLD patients [28] , or conversely in a higher ''hardness'', as reported in our G1 CHC cohort, is not clear. Furthermore, we reported that the rates of false positive LSM results for the diagnosis of severe fibrosis and cirrhosis were strongly affected by the presence of moderate-severe steatosis. By contrast, a recent study on a multicenter large cohort of CHC patients [26] showed that the presence of significant steatosis induced false positive results in patients with F0-F1 fibrosis only, while it did not increase the rate of F0-F3 patients misclassified as cirrhotic. Differences in the prevalence of liver steatosis, and in the methods used to quantify both steatosis and fibrosis could explain the observed differences. In fact, Boursier and colleagues assessed all histological features by computerized morphometry, a technique reported as more sensitive than optical analysis [33] , but not yet standardized and not used in clinical practice. However, all the above quoted data raised the paradoxical problem that the performance of a non-invasive tool -TE -is affected by a variable -steatosis -arising from an invasive tool -liver biopsy. To overcome this issue, we tested the impact of a non-invasive evaluation of hepatic steatosis -US detection of BLEP -on TE performance. Accordingly, the most relevant finding arising from our analysis lies in the correlation of BLEP detection with both higher LSM values and false positive results. Specifically, when patients were divided according to presence or absence of BLEP on US, we found that the variations of LSM values and of TE accuracy were comparable with those observed when our cohort was splitted according to presence or absence of moderate-severe steatosis, although at a slightly lesser extent. Provided that accuracy of US for the detection of steatosis is quite low in settings of CHC, especially due to poor PPVs for moderatesevere degrees of steatosis, as our group recently reported [7] , we could speculate that BLEP may not be only the US expression of histological steatosis, but also of other known -liver necroinflammation, for example -or unknown factors able to increase LSM independently from the amount of fibrosis.
Consequently, from a clinical standpoint, our study suggests to interpret with caution TE findings in G1 CHC patients with detection of steatosis on US, in which LSM values could lead to an overestimation of liver fibrosis (Fig. 5) . Interestingly, we obtained a clear decrease of false positive LSM results for the diagnosis of cirrhosis in patients with BLEP using a specific LSM cut-off value in this subgroup. Anyway, it should be acknowledged that the poor accuracy of US for the detection of steatosis in this setting represents a limitation when using US paired with LSM, since we risk losing a certain number of patients with steatosis and thus with potential overestimation of fibrosis assessed by LSM. Computed tomography and magnetic resonance imaging are able to demonstrate hepatic steatosis [34, 35] and may be useful in this setting, but their high costs and, for computed tomography, the risk of radiation exposure limit their applicability in routine clinical practice. CAP is likely a good alternative, although it was not evaluated in this study.
We should mention that there are some other limitations in our study. First, inter-and intra-observer agreement of LSM and US examinations were not assessed. Second, a comparison between histological/ultrasonographical findings and controlled attenuation parameter (CAP) data was not performed, as above mentioned, and the analysis of LSM was carried out using a conventional M probe only, while the XL probe was not used.
Another methodological issue could reside in the accuracy of liver biopsy examination related to sampling errors and intraobserver and inter-observer variability; in addition, the assessment of hepatic steatosis may be affected by the frequently uneven distribution of fat throughout the liver, and the quantification of hepatic steatosis as a percentage of steatotic hepatocytes may not represent a good marker of liver fat content because it does not take into account number and size of lipid droplets in single hepatocytes. A further methodological question is the potentially limited external validity of the results for different populations and settings. Our study included a cohort of Italian G1 CHC subjects, largely overweight, who were enrolled in a tertiary referral center for liver disease, limiting the broad application of the results. Finally, lack of follow-up data may limit the potency of our results.
In conclusion, although LSM is an useful and non-invasive tool for estimating the severity of CHC, the presence of moderatesevere steatosis, per se or evaluated by US, should always be taken into account in order to avoid overestimations of liver fibrosis. 
